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MICRODENIER FABRIC 
HAVING ENHANCED DYED APPEARANCE 



5 TECHNICAL FIELD 

This disclosure relates to a treated fabric that is comprised of splittable conjugate fibers and to a 
process for modifying such a fabric to enhance its dyed appearance. More specifically, the 
present invention relates to a consolidated nonwoven fabric containing continuous filaments 
u: comprised of polyester and polyamide components, in which at least portions of the polyamide 
{10 component have been removed. The process used to remove portions of the polyamide 
;j component involves treating the fabric with acid. The result is a dyed fabric that has a deeper 
depth of shade and that has a brighter hue, as compared to the untreated fabric. Contemplated 
""^l end uses of such a dyed fabric are also provided. 

1^5 BACKGROUND 

llJ Microdenier fabrics are traditionally created by mechanically or chemically splitting a conjugate 
fibers into its elementary filaments. Microdenier fabrics, particularly those having polyamide and 
p polyester components, are traditionally difficult to dye, often resulting in a fabric with a "frosty" 
— appearance. This appearance is due to the inability to effectively dye the polyamide 
20 component. 

As will be discussed herein, the present process is applicable to any conjugate fibers that 
includes a polyamide as one of its components. The present process improves the dyed 
appearance of fabrics of any construction (woven, knit, or nonwoven) that are comprised of 
25 microdenier yarns that result from splitting conjugate multi-component yarns. Although the 
benefits of this process are readily apparent on a specific nonwoven fabric that will be discussed 
in detail herein, it should be understood that it is equally applicable to woven or knitted 
microdenier fabrics created from splittable yarns. 

30 Nonwovens are known in the industry as an alternative to traditional woven or knit fabrics. To 
create a nonwoven fabric, a filament web must be created and then consolidated. Staple fibers 
are formed into a web through the carding process, which can occur in either wet or dry 
conditions. Alternatively, continuous filaments, which are formed by extrusion, may be used in 
the formation of web. The web is then consolidated, and/or bonded, by means of needle- 
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punching, thermal bonding, chemical bonding, or hydroentangling. A second consolidation 
treatment may also be employed. 

A preferred substrate for the present disclosure Is a nonwoven formed of continuous spilttable 
5 filaments that are extruded as a web and then consolidated. The continuous conjugate 
filaments are obtained by means of a controlled spinning process. The continuous filaments 
have the following characteristics: (1) the continuous filaments are comprised of at least two 
elementary filaments and at least two different fiber types; (2) the confinuous filaments are 
splittable along at least a plane of separation between elementary filaments of different fiber 
types; (3) the continuous filaments have a filament number (that is, fiter or yarn count) of 
between 0.3 dTex and 10 dTex; and (4) the elementary filaments of the confinuous filament 

-~ have a filament number between 0.005 dTex and 2 dTex. Simply put, the nonwoven fabric can 
be described as a nonwoven fabric of confinuous microfilaments. Such a fabric is described in 

'4 US Patents 5,899,785 and 5,970,583, both to Groten et al., each of which is incorporated herein 

sJ5 by reference. 

If! I 

1=^ A wide range of synthetic materials may be utilized to create the elementary filaments of the 
;Ji continuous conjugate filaments. However, the present invention is intended to improve the 
fU characteristics of fabrics that contain elementary filaments of different fiber types (e.g., 
20 polyesters and polyamides). As such, the group of polymer materials forming the elementary 
filaments may be selected from among the following groups: polyester and polyamide; polyolefln 
and polyamide; polyurethane and polyamide; polyester, polyolefln, and polyamide; aliphatic 
polyester and aromatic polyester; and acrylic polymers and polyamides. 

25 However, the fabric described in the above-referenced patents is not readily dyeable to dark 
shades. Although it Is known in the art to selectively dye components of conjugate filaments, 
the ease with which such dyeing may be accomplished and the depth of shade which may be 
achieved have not been heretofore adequately addressed. The treated nonwoven of the 
present disclosure addresses these issues. 

30 

SUMMARY 

In a preferred embodiment, the present process involves subjecting the microdenier fabric to a 
degrading treatment, which degrades a portion of one component of the conjugate yarns, and 
then to dyeing. The degrading treatment, given certain reaction kinetics, removes at least a 
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portion of one component of the conjugate filament. For a polyester/polyamide conjugate, an 
acid treatment is used to remove at least a portion of the polyamide component. The at least 
partial removal of the polyamide component, especially on the surface of the fabric, results in a 
fabric having enhanced dyed appearance. In an alternate embodiment, treatment with a basic 
5 solution after the acid treatment may be employed to enhance the hydrophilic nature of the 
fabric for purposes of enhancing moisture transport. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The following photographs were taken with a Hitachi Camera, Model VK-C350, after having 
3o been magnified through an Olympus BH2 optical microscope. The following photographs are of 
O various fabric cross-sections. 

In FIG. 1 is a photograph, taken by an optical microscope at a magnification of 975X, of a 
J5 nonwoven fabric comprised of splittable conjugate yarns that has been dyed but not subjected 
15 to the present process; and 

FIG. 2 is a photograph, taken by an optical microscope at a magnification of 975X, of the 
surface fibers of a nonwoven fabric comprised of splittable conjugate yarns that has been 
m subjected to the degrading treatment of the present process and then dyed. 
20 

DETAILED DESCRIPTION 

The present product is created by subjecting a microdenier fabric comprised of splittable 
continuous conjugate filaments to a degrading treatment and to dyeing. The resultant treated 
fabric has enhanced ability to be dyed a dark shade, as compared with the untreated fabric and 
25 other fabrics made of similar synthetic materials. Further, brighter hues may be produced, and 
washfastness of dark shades is improved. 

The present process includes the steps of: (a) treating the microdenier fabric with a degrading 
solution and rinsing; and (b) dyeing the treated fabric. Optionally, the microdenier fabric may 
30 also be treated with a second degrading solution that targets the second fiber component, if so 
desired to enhance the moisture transport characteristics of the fabric. The fabric may also be 
scoured. 
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The term "polyamide" is intended to describe any long-chain polymer having recurring amide 
groups ("NH — CO-) as an Integral part of the polymer chain. Examples of poiyamides include 
nylon 6; nylon 6,6; nylon 11; and nylon 6,10. 

5 The term "polyester" Is Intended to describe any long-chain polymer having recurring ester 
groups (— C(0) — 0-). Examples of polyesters include aromatic polyesters, such as 
polyethylene terephthalate (PET), polybutylene terephthalate (PBT), and polytrimethylene 
terephthalate (PTT), and aliphatic polyesters, such as polylactic acid (PLA). 

4p In one embodiment, the conjugate filaments present, in cross-section, a configuration of zones 
\j representing the cross-sections of the different elementary filaments in the form of wedges or 

triangular sections. FIG, 1 shows a circular fiber cross-section having dark wedges positioned 
y between narrower, light-colored wedges or bands. In this photograph, the dark wedges 
^ represent the dyed polyester component of the conjugate filament, while the narrower, lightly 
HI 5 colored wedges represent the polyamide component of the conjugate filament. In the example 

shown, the percentage of polyester in the conjugate filament is larger than the percentage of 
m polyamide. Distributions of polyester to polyamide range from 95-5 to 5-95, with more common 
13 distributions being in the 80-20 to 50-50 range, and a distribution of 65-35 being shown in FIG. 

20 

A review of FIG. 1 shows a plurality of dark polyester wedges that have been dislodged from 
their multi-component "packages." In the center portion of the photograph is a circular package, 
comprised of light-colored polyamide wedges and dark-colored polyester wedges, in which 
some polyester wedges have been dislodged, but the polyamide skeleton remains largely intact. 
25 A similar structure, but with more polyester wedges removed, is visible in center and right and 
left edges of the photograph, in these cases, the polyamide skeleton appears distorted, as 
though it were folding onto itself. 

Several items should be noted, upon review of this representative photograph of the fabric's 
30 composition. First, while the core portions of the conjugate filaments are shown as poiyamides, 
fibers having cores made of polyester could also be used. In fact, fibers having no core portion 
(that is, hollow core conjugate filaments) and fibers without a recognizable "core" are suitable for 
use in the present process as well. 
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Second, it should be noted that F1G.1 is a photograph of a dyed piece of untreated nonwoven 
fabric. The fabric shown in FIG. 1 was processed as described above, by extruding a web and 
then consolidating the filaments of the web. The fabric was then subjected to the conditions of 
the present process, but without the addition of the degrading treatment. That is, the fabric was 
5 tumbled in a jet dye machine for 30 minutes at 130 °C, cooled, rinsed, and then dyed. 

Finally, the photograph (FIG. 1) shows a symmetrical cross-section of the conjugate filament, 
having a central median axis. In fact, the median axis of the conjugate filament can be 
positioned at a point other than the central line of the filament. The conjugate filament can be 
flo unsymmetrical, having elementary filaments with non-uniform cross-sections. The cross-section 

0 of the conjugate filaments can be substantially circular in shape or can be comprised of multiple 
J lobes that are joined at a central region. Another variation of the construction of splittable 
,11 conjugate filaments are those having a cross-section in which ribbons, or fingers, of one 
iJf component are positioned between ribbons, or fingers, of a second different component. Yet 

1 is another variation includes either one or a plurality of elementary filaments of one material that 
H are integrated in a surrounding matrix of a second different material. 

^ FIG. 2 is a photograph of a dyed and degraded nonwoven fabric, which has undergone the 
m present process. In FIG. 2, a plurality of polyester wedges is visible, but very few remaining 
20 polyamide portions may be identified. This photograph shows the successful degradation of the 
polyamide fibers through use of the present process. It should be understood that the acid- 
containing degrading solution described herein may be useful on fibers other than polyamides, 
while the degrading solution can be modified for use on other fiber types (e.g., a basic solution 
that is useful on aliphatic and/or aromatic polyesters). The spirit and scope of the present 
25 disclosure involves the degradation of at least one fiber component with a degrading solution 
compatible for the fiber to be degraded. 

It is understood in the art that polyamides, such as nylon, can be etched— that is, partially 
degraded— by subjecting such fibers to acidic solutions. One example of an etching treatment 
30 is found in US Patent 4,353,706 to Burns. Jr. et al., which is commonly owned and is hereby 
incorporated by reference. While the objective of Burns, Jr. et al. is to produce a sculptured pile 
fabric, the object of the present process is to produce a fabric that has enhanced dyed 
appearance. 



5 



USPTO Customer # 25280 



Case 5416 



Due to the dissolution of at least some of the polyamide components of the fabric, the resulting 
fabric has a decreased weight, typically from about 2% of the weight up to the weight of the 
component to be removed (e.g., 35% in a 65-35 polyester-polyamide conjugate). The resulting 
fabric also has Improved dyed appearance, due to the removal of at least a portion of the 
polyamide component, which tends to whiten the overall appearance of the dyed (untreated) 
article. This will be discussed in further detail herein, especially in reference to Table 5. 

Both strong and weak acids are useful in the present process, as they both show a preferential 
affinity for the polyamide components. Examples of common strong acids include sulfuric, 
phosphoric, nitric, and hydrochloric acids. Weak acids may also be employed in the present 
process including, but not limited to, organic acids, such as formic acid, and sulfonic acids, such 
as benzene sulfonic acid; naphthalene sulfonic acid; ortho-, meta-, and para- toluene sulfonic 
acids; and alkylated aromatic sulfonic acids wherein the alkyi group may be a straight chain or a 
branched chain and may contain from one to about 20 carbon atoms. Preferably, the weak 
acids useful in the present process have a pKa value of from about -5.0 to about 5.0, preferably 
from about 0.4 to about 1 .0. More preferably, paratoluene sulfonic acid (PTSA) is often used for 
the present process, because of the relative ease with which its corrosive properties may be 
controlled. 

To determine the necessary reaction conditions, one must consider the kinetics and diffusion 
processes involved in the reaction. In general, the reaction rate is affected by the mass 
transport rate of the acid reactant to the polymer, the reaction rate of the reactant with the 
polymer, and the mass transport rate of the degraded polymer out of the fiber matrix. The 
introduction of phase transfer catalysts, which transfer reactants from the liquid Interface Into the 
polymer, can also affect the reaction rate. The reaction rate, therefore, is generally proportional 
to the concentration of acid reactant, the concentration of the polymer reactant, the temperature 
during the reaction, and the presence of any catalyst. The mass transport rate of the reactants 
is largely affected by the concentration of the reactant, the temperature, and the rate of liquid 
movement during the reaction process. The mass transport rate of degraded polymer is affected 
by the concentration of degraded polymer, the temperature, and the rate of liquid movement 
during the reaction process. These parameters can be used to help create a more surface- 
selective degradation. 
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A wide range of concentrations has been found to accomplish the objective of the present 
process (that is, the removal of at least a portion of the polyamide component). The degree of 
polyamide removal impacts the depth of color that may be achieved in the resultant product. 
For this reason, it is desirable to remove at least 5% of the polyamide and preferably more than 
5 at least 20% of the polyamide. To achieve this degree of polyamide removal, PTSA 
concentrations varying from 0.40% of the weight of the bath (owb) to about 26% owb may be 
used, depending on reaction parameters such as application method, exposure time, and 
temperature. TABLES 1 through 4 indicate the impact of these parameters on polyamide 
M= removal. 

So 

y A particularly effective range of concentrations, when using PTSA, are concentrations greater 
than about 4.0% of the weight of the bath (owb), though improvements in dyed appearance 

y have been realized with concentrations as low as 0.40% owb. More preferably, when using 
PTSA, the range is from about 1% to about 10%, based on the weight of the bath. Most 

as preferably, when using PTSA, the acid concentration is from about 4.0% to about 7.0%, based 

I ^ on the weight of the bath. Obviously, different concentrations may be desirable for different acid 

;y types, such as organic or strong. 

Exposure times, again using PTSA, can range upwards from about 10 minutes to about 120 
20 minutes. The preferred exposure time is about 30 minutes, when a PTSA concentration of from 
about 4.0% owb to about 7.0% owb is used. Strong acids or higher acid concentrations would 
likely require a shorter exposure time, while organic acids might need longer periods over which 
to effect the desired fiber modifications. 

25 In the TABLES, the term "liquor concentration" is intended to describe the weight of the bath 
relative to the weight of the fabric. 

TABLE 1 shows the degree of polyamide removal (that is, % nylon removed) when the acid 
treatment was applied to the fabric in a jet. In a preferred embodiment, the acid treatment step 
30 is conducted in a jet-dyeing machine, into which the fabric is fed, along with an acid solution 
containing PTSA. The particular jet-dyeing machine that was utilized in these trials was a 
Werner Mathis AG Jet Dye Machine, Typ-Nr. JF3176. The temperature of the bath is raised to 
approximately 130 ""C and held for a typical exposure time of about 30 minutes. It is believed 
that temperatures as high as 150 ""C would also be acceptable and that reaction times as long 
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as 120 minutes may be used. After the necessary time, the fabric is cooled, preferably to at 
least 60 "^C. It is then rinsed, preferably twice, with water to fully remove any trace amounts of 
the acidic solution. 

Use of a jet system is preferred as an application method, because of the quantity of fabric that 
may treated in one cycle and because of the integration of jet dyeing equipment with other 
manufacturing processes. In the jet application method, the preferred concentration of PTSA 
ranges from about 4% to about 10%. The preferred exposure times range from 15 minutes to 
about 90 minutes (not shown), with 30 minutes being most preferred. 



TABLE 1 - Application IVIethod: Jet 


Treated with PTSA; 130 °C 


Sample ID 


Acid 
concentration 
(% owb) 


Liquor 
concentration 


Acid exposure 
time (minutes) 


% weight loss 
of sample 


% nylon 
removed 


Sample 1 


4 


62.5 


30 


11.4 


32.6 


Sample 2 


5.5 


36.23 


30 


15.9 


45.4 


Sample 3 


5.5 


71.94 


30 


19.9 


56.9 


Sample 4 


10 


25.5 


15 


27.8 


79.4 


Sample 5 


7 


60.4 


30 


28.0 


80.0 


Sample 6 


7 


68.49 


30 


28.1 


80.3 



TABLE 2 shows the degree of polyamlde removal (that is, % nylon removed) when the acid 
treatment was applied to the fabric in a "pot" application. In this embodiment, useful primarily in 
small batches, the acid treatment step is conducted in a small reaction vessel, into which the 
fabric is fed, along with an acid solution containing PTSA. The temperature of the bath is raised 
to approximately 130 °C and held for a typical exposure time of about 30 minutes. It is believed 
that temperatures as high as 150 ''C would also be acceptable. After the necessary time, the 
fabric is cooled, preferably to at least 60 °C. It is then rinsed, preferably twice, with water to fully 
remove any trace amounts of the acidic solution and the degraded polymer. 

Use of a pot system results in the most significant amounts of nylon being removed from the 
fabric samples. However, because of the small quantity of fabric that may treated in one cycle 
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and because of the lack of integration with other manufacturing processes, it is less preferred as 
an application method. In the pot application method, the preferred concentration of PTSA 
ranges from about 1% to about 10%. The preferred exposure time is about 30 minutes. 





TABLE 2 - Application Method: Pot 




Treated with PTSA; 130 °C; 10 g samples 




Sample ID 


Acid 
concentration 
(% owb) 


Liquor ratio 


Acid exposure 
time (minutes) 


% weight loss 
of sample 


% nylon 
removed 




Control 


0 


20 


30 


0 


0 




Sample 7 


1 


20 


30 


2.6 


7.4 




Sample 8 


4 


20 


30 


21.2 


60.6 




Sample 9 


5.5 


20 


30 


28.3 


80.9 




Sample 10 


10 


20 


30 


31.3 


89.4 



5 



TABLE 3 shows the degree of polyamide removal (that is, % nylon removed) when the acid 
treatment was applied to the fabric in a pad-and-steam operation. In this embodiment, the acid 
treatment step is conducted by padding the fabric with an acid solution and then subjecting the 
I soaked fabric to steam. The padding step typically occurs at a pressure of about 40 pounds per 
10 square inch (p.s.i.). The soaked fabric is then subjected to steam, typically at a temperature of 
about 214 F and a pressure of about 30 p.s.i. It is then rinsed with water, neutralized with a 
0.5% base solution, and then rinsed again, to fully remove any trace amounts of the acidic 
solution. 

15 Use of a pad application method may be preferred under some circumstances. In the pad 
application method, the preferred concentration of acid ranges from about 15% to about 26%. 
The preferred exposure times range from 10 minutes to about 30 minutes, with 30 minutes 
being most prefen^ed. In one trial (Sample 12), sulfuric acid was used instead of paratoluene 
sulfonic acid (PTSA). 

20 
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TABLE 3 - Application iMethod: Pad / Steam 


Treated with acid; padded at 40 psi; steamed at 214 °F and 30 psi 


Sample ID 


Acid 
concentration 

(% owb) 


Acid 
Type 


Acid exposure 
time (minutes) 


% weight loss 
of sample 


% nylon 
removed 


Sample 11 


26% 


PISA 


10 


2.3 


6.6 


Sample 12 


15% 


H2SO4 


10 


2.4 


6.9 


Sample 13 


26% 


PTSA 


30 


3.4 


9.7 


Sample 14 


26% 


PTSA 


30 


18.0^ 


51.4 



^ Sample 14 was subjected to a low pressure pad technique, rather than the 40 psi referenced 
above. 



7:1 Following acid treatment, the fabric may then be subjected to a basic treatment to enhance the 
0\ 5 fabric's water absorbency. The basic solution reacts with the polyester component of the 

conjugate filament, making it more hydrophillc. The term "basic solution" is intended to describe 
fy a solution containing amines or any of the hydroxides of an alkali or alkaline earth metal. The 

preferred basic solutions are sodium hydroxide (NaOH) and potassium hydroxide (KOH), with 
O sodium hydroxide being more preferred because of cost. Amines could also be used, although 
^^10 these are less preferred because of their tendency to react with the entire fiber rather than the 

surface of the fiber. 



The preferred concentration for the basic solution is significantly less than that of the acidic 
solution. In fact, a concentration range from about 0.025% to about 0.10% (based on the weight 
15 of the bath) is sufficient to create the desired modifications in the polyester components. 
Preferably, the concentration of the basic solution is about 0.050% based on the weight of the 
bath. It has been found that higher concentration levels in the basic solution result In a 
significantly weakened fabric. Additionally, the fabric tends to lose its textile quality and 
resemble a paper-type product. 

20 

Exposure times, using sodium hydroxide, can range from about 15 minutes to about 90 minutes. 
The preferred exposure time is about 30 minutes, when a 0.050% owb concentration of sodium 
hydroxide is used. The base selectively targets the polyester components of the fabric and, 
specifically, the ester groups. The base hydrolizes the ester bonds in the polyester, creating 
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hydrophilic cites. These cites make the polyester more hydrophilic and the surface of the 
polyester becomes more water-loving. 

The present process is directed to a microdenier fabric having conjugate yarns that is treated 
5 with acid and then dyed; however, it is contemplated that the addition of a basic treatment (as 
described above) may be desired in certain applications. The increased hydrophilicity of the 
acid and base-treated fabric may be desirable, where increased absorbency is an object. 

TABLE 4 shows the degree of polyamide removal (that is, % nylon removed) when the acid 
HO treatment was applied to the fabric in a jet and then followed with treatment with a basic 
IX solution. In this embodiment, the acid treatment step and the base treatment step are each 

conducted in a jet-dyeing machine, into which the fabric is fed, along with the respective 
.1 solution. The temperature of each bath is raised to approximately 130 ""C and held for a typical 

exposure time of about 30 minutes. It is believed that temperatures as high as 150 °C would 
/15 also be acceptable for the acid treatment step. After each cycle, the fabric is cooled, preferably 

S to at least 60 °C. It is then rinsed, preferably twice, with water to fully remove any trace 

"U 

amounts of the treatment solutions. 

n Use of both an acidic treatment and a basic treatment result in a fabric having not only 

y 

20 enhanced dyed appearance, but also improved moisture transport, as compared with untreated 
fabrics. Such features may be desirable in certain applications, whereas the acid treatment and 
dyeing will likely be sufficient for most applications. In the case of Samples 15 and 16, PTSA 
was used to create the acidic solution, while sodium hydroxide was used to create the basic 
solution. As Is demonstrated by comparison of Samples 15 and 16, a wide range of acid 

25 concentrations is acceptable to effect the desired loss of polyamide. As will be appreciated by 
those of skill in the art, longer exposure times are often necessary with lower concentrations. 



TABLE 4 - Application IVIetiiod: Jet with Subsequent Base Treatment 
Treated with PTSA at 130 °C; Treated with NaOH at 130 °C 


Sample 
ID 


Acid 
cone. 
(% owb) 


Liquor 
cone. 


Acid 
Exposure 
Time 


Base 
cone. 
(% owb) 


Base 
exposure 
time 


% 
weight 
loss 


Sample 15 


0.40 


108.70 


90 min. 


1 


30 


13.0 


Sample 16 


5.50 


285.7 


30 min. 


1 


20 


17.0 
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After treating with acid, and optionally base, the non-degraded fiber component of the fabric is 
then dyed using conventional dyeing techniques. Disperse dyes have been found most 
effective, though vat dyes may also be used. One particularly beneficial effect of the acid 
treatment is an overall improvement in the ability of the fabric to be dyed a dark shade. This 
5 improved dyed appearance is attributable to the decrease in the amount of polyamide present in 
the fabric. Deeper shades of color are achieved when the polyamide components of the fabric 
have been (at least partially) removed. 

The fabric is fed into a jet-dyeing machine along with a dye mix solution, preferably containing 
aO disperse dyes for the polyester component. Dyeing in conventional jet-dyeing equipment 
H typically occurs at a temperature of about 130 ''C over a cycle time of from about 30 minutes to 
■ about 90 minutes. Once dyed, the fabric is then cooled (again to at least 60 °C) and then rinsed 
J[l twice to ensure that all trace chemicals have been removed. To improve dyefastness, a 
CP scouring step may be employed to remove pooriy adhered dyestuff from the fabric, according to 
l45 techniques known in the ari:. Common scouring agents include sodium hydnDsulfite, thiourea 
fy dioxide, or dilute caustic solutions. 

□ Other finishing chemicals can be applied to the treated fabric, including soil release agents, 
wetting agents, and hand-building agents. Such chemicals are effectively applied in a padding 
20 operation, although other application techniques may be employed. These agents can improve 
the hand and soil release characteristics of the fabric, without negatively impacting the fabric's 
ability to be dyed. 

Due to the dissolution of at least some of the polyamide components of the fabric, the resulting 
25 fabric has a decreased weight, typically from about 2% of the weight up to the weight of the 
component to be removed (e.g., 35% in a 65-35 polyester-polyamide conjugate). The resulting 
fabric also has improved dyeing characteristics, due to the removal of at least a portion of the 
polyamide component, which tends to whiten the overall appearance of the dyed (untreated) 
article. This is discussed in further detail below in TABLE 5. 



30 



TABLE 5 shows a comparison of various samples, as tested by an X-Rite SP78 
Spectrophotometer using Hammermill IJ Paper White as a standard. The equipment measures 
an "L," an "a," and a "b" value to quantify the surface coloration of the sample. "L" is a measure 
of the amount of white or black in a sample; higher "L" values indicate a whiter sample. "A" is a 
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measure of the amount of red or green in a sample, while "B" Is a measure of the amount of 
blue or yellow in a sample. Because "a" and "b" are highly dependent on the dye color used, 
those values were not deemed significant for understanding the impact of the present process. 

5 As shown in TABLE 5, the "L" value of the samples decreases as more polyamide (nylon) is 
removed. Darker fabrics have lower "L" values, while higher "L" values indicate a whiter 
sample. The "L" values shown in TABLE 5 indicate the removal of whiteness from the samples, 
resulting in fabrics having darker shades than those achieved with untreated fabric (see 
"Control"). 

;^ The samples are given the same identification numbers as listed in TABLES 1-4 for reference. 
■J The control, Sample 1, Sample 3, and Sample 6 were dyed together in the same bath under the 
same conditions. After dyeing, the samples were found to contain the same amount of dye. 
.:J This can be explained by the fact that the polyester, which was left undegraded, was targeted 
"^^15 by the disperse dyes, while the nylon was degraded. 



TABLE 5 - LAB Values 


Measure of "whiteness" of sample 


Sample ID 


% weight loss 


% nylon removed 


"L" value 


Control 


0 


0 


32.23 


Sample 1 


11.4 


32.6 


25.97 


Sample 3 


19.9 


56.9 


23.99 


Sample 6 


28.1 


80.3 


23.79 



Because the LAB measurements detect color and shade primarily on the surface of the fabric, it 
should be understood that removal of surface nylon is most important. In fact, in the present 
20 process, the amount of nylon on the surface is found to be considerably less than the amount of 
nylon in the interior portions of the fabric. This finding points out two things: first, the goal of the 
present process does not require the removal of all (or substantially all) of the nylon; and 
second, a surface-selective degradation process is preferred to optimize color without 
eliminating weight or strength. 

25 

It has been found that degrading at least one component of the conjugate yarns imparts the 
desired dyed appearance to the treated fabric. Functionally, the treated fabric, having been 
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partially degraded, is more capable of (a) being dyed to a dark shade; (b) being dyed to a 
brighter shade; and (c) holding a dark shade during washing. Structurally, the treated fabric 
contains a plurality of fully split conjugate yarns, having individualized polyester components 
and degraded individualized polyamide components. 

The ability to dye fabric a deep shade is useful in applications including, but not limited to, 
apparel, automotive, home & office furnishings, hospitality furnishings, and the like. 
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